Background--Socioeconomic status (SES) as reflected by residential zip code status may detrimentally influence a number of prehospital clinical, access-related, and transport variables that influence outcome for patients with ST-elevation myocardial infarction (STEMI) undergoing reperfusion. We sought to analyze the impact of SES on in-hospital mortality, timely reperfusion, and cost of hospitalization following STEMI.
I
t is well known that there is an increased burden of cardiovascular disease and its risk factors among patients with lower socioeconomic status (SES). [1] [2] [3] In the last decade, eliminating disparities in healthcare delivery in the United States has been governed largely by the Healthy People 2010 initiative, which has aimed to improve cardiovascular health among all citizens. 4 The ultimate goal of ST-elevation myocardial infarction (STEMI) care should be to achieve optimal and equitable outcomes for one and all, regardless of their residential status. In this context, a number of cultural, clinical, economic, geographic, and access-related issues could influence the time from symptom onset to first medical contact. While these variables are difficult to individually quantify, SES measured by zip code is likely a useful surrogate. Several prior studies have validated this approach for imputing individual SES in epidemiologic settings.
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Residential zip-code-based classification of SES may reflect the aggregate characteristics of its residents and the prevailing healthy and unhealthy habits, which serves to provide an insight into environmental attributes (like available healthcare resources) that may have a direct or indirect impact on its residents' health. Although there has been research demonstrating the negative impact of low SES upon outcomes following acute coronary syndromes, most of these studies belong to the era where primary percutaneous intervention (PCI) was not the mainstay of treatment of STEMI and the emphasis on door-to-balloon time optimization was just beginning. [11] [12] [13] [14] [15] To that end, we aimed to evaluate the disparities and outcomes in patients presenting with STEMI according to the SES, in the contemporary era where expeditious reperfusion forms the mainstay of STEMI management.
Methods Data Source
Data were obtained from the Nationwide Inpatient Sample (NIS) database from 2003 to 2011. The NIS is sponsored by the Agency for Healthcare Research and Quality as a part of Healthcare Cost and Utilization Projection. The NIS contains discharge level data from %8 million hospitalizations annually from about 1000 hospitals across the United States. This database is designed to represent a 20% stratified sample of all hospitals in the country. Criteria used for stratified sampling of hospitals into the NIS include location (urban or rural), teaching status, geographic region, patient volume, and hospital ownership.
Study Population
The NIS database provides up to 15 diagnoses and 15 procedures for each hospitalization record for the years [2003] [2004] [2005] [2006] [2007] [2008] [2009] . The number of diagnoses coded in the database was expanded to 25 for the years 2010-2011. All these have been coded using the standard International Classification of Diseases, ninth edition, Clinical Modification (ICD-9 CM) codes. The first diagnosis in the database is referred to as the "principal diagnosis" and is considered the primary reason for admission to the hospital. All hospitalizations with the principal diagnosis of STEMI were included in our study. These were identified using ICD-9 CM codes of 410. Quality along with other clinically relevant comorbidities (smoking, family history of coronary artery disease, prior MI, and dyslipidemia). 17, 18 Hospital characteristics such as region (Northeast, Midwest, South, West), bed size (small, medium, large), location (rural, urban), and teaching status were also included. The primary variable of interest was the SES assessed using patient's residential zip code. The NIS has classified each zip code into quartiles based on median household income of each zip code. These quartiles are the following: quartile 1: $1 to $37 999, quartile 2: $38 000 to $47 999, quartile 3: $48 000 to $62 999, quartile 4: $63 000 or more. Residential zip-code-based classification of SES is known to reflect aggregate characteristics of its residents and an insight into environmental attributes (such as available healthcare resources) that may have a direct or indirect impact on its residents' health. Although a composite measure of SES that includes several variables such as directly measured household income, education, race, and residential zip code might provide incremental information regarding individual SES, we chose to utilize the residential zip-code-based classification. This is because of its successful validation in prior studies along with the fact that it reflects aggregate characteristics over individual characteristics, which often govern healthcare delivery. Besides this, several characteristics that may be useful in defining composite measures of SES such as education and household income were not available in the administrative database of NIS.
Study Outcomes
In-hospital mortality and timely reperfusion therapy were treated as co-primary outcomes. Since the time to PCI or thrombolysis was available in calendar days only, all patients who underwent PCI or thrombolysis on "day 0" of the hospitalization were assumed to have undergone "timely reperfusion." In addition to these primary outcomes, several secondary outcomes were analyzed including utilization of an intra-aortic balloon pump (IABP) (ICD-9 CM code: 37.61), percutaneous assist devices (ICD-9 CM code: 37.68), and Swan Ganz catheterization (ICD-9 CM codes: 89.64, 37.21, 37.23).
Besides these outcomes, we also analyzed the differences in cost of hospitalization stratified by residential zip code quartile. The NIS database provides the total charges associated with each hospital stay that were claimed by the respective hospital. The total charges of each hospital stay were converted to cost estimates using the group average allpayer in-hospital cost and charge information from the detailed reports by hospitals to the Centers of Medicare and Medicaid Services. All costs and charges were converted to projected estimates for the year 2011, after accounting for annual inflation rates based on consumer price index data available from the Bureau of Labor Statistics. 19 
Sensitivity and Subgroup Analyses
We conducted a sensitivity analysis by comparing the primary outcomes between the study groups after removing all patients who presented as a "transfer" from another healthcare facility. In addition, we compared the primary outcomes between several patient strata including males versus females, whites versus nonwhites, and elderly (age ≥75 years) versus non-elderly (age <75 years) patients.
Statistical Analysis
Continuous variables are presented as meanAESD, and categorical variables are presented as proportions. For comparing the means of continuous variables between 3 or more categories, we utilized 1-way ANOVA. In cases of significant differences detected using ANOVA, pairwise comparisons were performed utilizing Bonferroni correction for multiple comparisons. Chi-square test was utilized for comparison of categorical variables.
Survey statistics traditionally used to analyze complex semirandom survey designs were employed to analyze these data. Since the data from NIS represent a collection of scattered hospital clusters, analysis was structured to account for a complex, multistage, probability sampling. NIS recommends the use of "strata" for constructing analysis clusters, which include geographic census region, hospital ownership, teaching status, urban/rural location, and bed size. Furthermore, the analysis is further stratified into individual hospitals, which serve as primary sampling units for the analysis. In the NIS database, each hospital admission is linked to a "discharge weight" that can be utilized to calculate projected national estimates for all hospital-related outcomes, after accounting for the hierarchical structure of the dataset.
Multivariable hierarchical logistic regression analysis was utilized to compare outcomes between the zip-code quartiles. For this analysis, we utilized the variable "nis_straum" as the strata, variable "hospid" as the primary sampling unit (clustering variable), and the variable "discwt" as the sampling weight. The analysis of all primary outcomes has been presented after adjusting for age, gender, race, 29 Elixhauser comorbidities, other relevant comorbidities including smoking, prior MI, dyslipidemia, family history of coronary artery disease, and hospital characteristics. The highest zip-code quartile (quartile 4) has been used as the reference category for all comparisons. Adjusted logistic regression analysis of secondary outcomes of intra-aortic balloon pump/percutaneous assist device use and Swan Ganz catheterization was further adjusted for presence of cardiogenic shock, cardiac arrest, and ventricular fibrillation. Furthermore, multivariable logistic regression analysis for comparing cost between the study groups was further adjusted for primary payment source and in-hospital mortality.
All statistical analyses were performed using the statistical software Stata v 13.0 (StataCorp, College Station, TX). All statistical tests were 2-tailed; a P<0.05 was considered significant. Due to the de-identified nature of this publicly available administrative database, an institutional review board review was not necessary for the conduct of this study.
Results
Over a 9-year period (2003-2011), a total of 372 984 discharges with a principal diagnosis of STEMI were analyzed. Table 1 demonstrates the baseline characteristics of the entire study population, stratified by the SES quartiles. There was a progressive reduction in the proportion of females when moving from the lowest to the highest quartile (P<0.001). Similarly, 70.6% of all STEMI patients residing in the lowest SES quartile were whites as compared to 82.8% of patients in the highest SES quartile (P<0.001). In addition, patients in the highest SES quartile were more likely to have private insurance as the primary payment source as compared to the lower quartiles (P<0.001).
The differences in the distribution of traditional cardiovascular risk factors between the different SES quartiles are also illustrated in Table 1 . There were small but statistically significant decreases in the prevalence of diabetes, hypertension, smoking, peripheral vascular disease, and chronic renal failure when moving up the SES quartile (P<0.001 for all comparisons). In addition, we noted that there was a significantly higher prevalence of alcohol abuse and drug abuse among residents of lower SES quartiles as compared to higher quartiles (P<0.001 for both comparisons). Figure 1 demonstrates the incidence and adjusted odds ratio for the primary outcomes across the SES quartiles. The incidence of in-hospital mortality was 7.8%, 7.5%, 7.0%, and 7.1% across quartiles 1 to 4, respectively (P-trend<0.001). On adjusted analysis, there were significantly higher odds of inhospital mortality among the lowest SES quartile as compared to the highest quartile (odds ratio [95% CI]: 1.11 [1.06 to 1.17]). Similarly, there was a highly significant trend indicating a progressively reduced timely reperfusion among patients from lower SES quartiles, as compared to those from higher quartiles. The utilization of thrombolysis across the 4 SES quartiles was 3.4%, 3.7%, 3.7%, and 3.6%, respectively (Ptrend=0.44). Although the utilization of thrombolysis was similar across the SES quartiles, there was a significantly greater utilization of PCI in the higher SES quartiles as compared to the lower SES quartiles. The prevalence of timely PCI across the 4 SES quartiles was 47.0%, 49.6%, 53.6%, and 56.1%, respectively (P-trend<0.001). Sensitivity analysis was performed by comparing the primary outcomes between the study groups after removing all patients who presented as a "transfer" from another healthcare facility. There was no significant change in the trend of the incidence of the primary outcomes across the SES quartiles with this sensitivity analysis (Figure 2 ). Figure 1 also demonstrates the utilization of percutaneous assist/ intra-aortic balloon pump and Swan Ganz catheterization, stratified by SES quartiles. As seen in this figure, there was a progressively reduced utilization of both modalities among patients from lower SES quartiles as compared to higher quartiles. The incidence of cardiogenic shock accompanying STEMI in SES quartiles 1 to 4 was similar at 8.4%, 8.3%, 8.4%, and 8.8%, respectively (P-trend: 0.08).
The impact of timely reperfusion on in-hospital mortality and long hospital stay was investigated by stratifying these outcomes according to the timeliness of the reperfusion therapy. Figure 3 demonstrates the incidence and adjusted odds ratio for in-hospital mortality across the SES quartiles, stratified by timeliness of reperfusion. The incidence of inhospital mortality was significantly higher among patients who had delayed or no reperfusion therapy as compared to those who underwent timely reperfusion (P<0.001). However, there was no significant difference in the incidence of in-hospital mortality across the SES quartiles among those who did not undergo timely reperfusion. On the contrary, among those who underwent timely reperfusion, the incidence of in-hospital death was significantly higher for the lower SES quartiles as compared to the higher quartiles.
The mean (SD) cost of hospitalization was $23 529 ($22 983), $23 999 ($23 625), $25 800 ($25 391), and $28 060 ($28 657) among SES quartiles 1 to 4, respectively. After adjustment for baseline demographic and clinical characteristics including primary payment source, the adjusted costs of hospitalization of patients from SES quartiles 2, 3, and 4 were significantly higher when compared to the cost of hospitalization of patients from SES quartile 1 (P≤0.001 for all comparisons). As compared to quartile 1, mean adjusted cost of hospitalization for patients from quartile 4 was higher by $4070 (95% CI: $2877 to $5263). Similarly, the mean adjusted cost of hospitalization for patients from quartiles 2 and 3 were higher by $913 (95% CI: $380 to $1447) and $2140 (95% CI: $1391 to $2888) as compared to the costs of hospitalization of patients from SES quartile 1.
Subgroup analyses demonstrating the differential impact of gender, race, and age on in-hospital death and timely reperfusion have been demonstrated in Tables 2 and 3, Figure 1 . The figure demonstrates the percent incidence and adjusted odds ratio (OR) for in-hospital mortality, timely reperfusion, use of percutaneous assist devices/intra-aortic balloon pump (IABP), and Swan Ganz catheterization, stratified by zip-code-based socioeconomic quartiles. All quartiles were based on median household income of the respective zip code. All comparisons were drawn with reference to the highest quartile. for in-hospital death and timely reperfusion, stratified by zip-codebased socioeconomic quartiles after eliminating all patients who were transferred from an outside healthcare facility. All quartiles were based on median household income of the respective zip code. All comparisons were drawn with reference to the highest quartile. Quartile 1: $1 to $37 999, quartile 2: $38 000 to $47 999, quartile 3: $48 000 to $62 999, quartile 4: $63 000 or more.
respectively. The in-hospital mortality rates were noted to be significantly higher among females as compared to males for all SES quartiles (P<0.001 for all comparisons). In addition, the in-hospital mortality among females as well as males from the lowest SES was significantly higher than their counterparts in the higher SES quartiles. Furthermore, males and females from the lower SES quartiles were significantly less likely to undergo timely reperfusion as compared to their counterparts from the higher SES quartiles.
On stratification of the study population into whites and nonwhites, we did not observe any significant differences in the incidence of in-hospital mortality and timely reperfusion between these 2 racial groups. In both racial strata, we observed a statistically significant trend of an increase in inhospital mortality and a reduction in timely reperfusion among patients belonging to lower SES quartiles as compared to higher SES quartiles. Furthermore, the incidence of in-hospital mortality and delayed/no reperfusion therapy was significantly higher among elderly patients (≥75 years) as compared to their younger counterparts (P<0.001 for all comparisons). Although in-hospital mortality among the elderly did not seem to be affected by the SES quartile, elderly from the 2 lowest SES quartiles were less likely to undergo a timely reperfusion (Table 3 ). In the younger cohort, there was a significantly higher incidence of in-hospital mortality and a reduced incidence of timely reperfusion among patients from lower SES as compared to those from higher SES quartiles. There were several differences in the baseline characteristics between the elderly patients and their younger counterparts, which could potentially explain these differences (Table 4) .
Discussion
We have evaluated the impact of residential zip-code-based classification of SES upon adverse events following STEMI utilizing a large representative nationwide sample in the United States. We observed a progressive increase in the absolute and adjusted in-hospital mortality after STEMI with a progressive decline in the median household income of a patient's residential zip code. Besides this, there was a highly significant trend indicating a progressively reduced timely reperfusion among patients from lower SES quartiles, as compared to those from higher quartiles. We did not observe any significant difference in the in-hospital mortality among patients who did not undergo timely reperfusion therapy. However, the mortality among these patients was significantly higher than those who underwent timely reperfusion in all SES strata.
Despite a higher occurrence of in-hospital mortality among patients from a lower SES quartile, there was a progressively reduced utilization of mechanical circulatory support among patients from lower SES quartiles as compared to higher quartiles. In addition, the cost of hospitalization of patients from the lower SES quartiles was less as compared to those from higher SES quartiles. Whether this represents an underutilization of resources for patients from lower SES zip codes or this represents an overutilization of resources for patients from higher SES zip codes is not completely clear from this analysis. However, our analysis has demonstrated a significant disparity in both in-hospital outcomes as well as resource utilization for STEMI patients, depending on residential zip code.
The differences in SES have been consistently associated with variations in cardiovascular-related morbidity and mortality. 20, 21 Individuals residing in neighborhoods with a lower SES have a higher prevalence of cardiovascular risk factors such as hypertension, diabetes, obesity, and smoking accounting for the observed association between the contextual factors and outcomes following STEMI. Similar trends were noted in our analysis. However, these statistically significant yet clinically underwhelming differences in cardiovascular risk factors are unlikely to be a sole explanation for differences in clinical outcomes. In addition, the differences in clinical outcomes between the SES quartiles persist despite adjustment for baseline cardiovascular risk factors, suggesting that other factors in healthcare access and delivery likely play a role. Lower SES has been demonstrated to limit access to medical care and to bias these patients to present to smaller, low-volume hospitals without invasive cardiac proce- dures and with lower utilization of evidence-based therapies. [22] [23] [24] [25] The differences in outcome in our analysis, however, persisted despite adjustment for hospital characteristics. It is possible that an unmeasured prehospital variable clustered by SES may account for the mortality differences noted. These include timely activation and performance characteristics of the local emergency medical services systems, inappropriate triage, and transport to nonreperfusion hospitals. Other novel variables including functional capacity and autonomic functions such as heart rate recovery have been previously shown to differentially impact outcomes according to SES. 26 There is a large body of literature that has evaluated the existence and impact of racial disparities on outcomes following acute MI.
23,27-31 Although we found a significant higher proportion of nonwhites in the lower socioeconomic strata, "socioeconomic disparity" and "racial disparity" are hardly interchangeable terms. It has been demonstrated that if all patients with STEMI were treated with an identical protocol for primary PCI, there would be no racial disparity in clinical outcomes. 32 Hence, although it is convenient to label patients by race, factors that relate to SES such as income, education, housing, and social awareness are probably more important in health-related outcomes. Socioeconomic position has been speculated to be a greater impediment to optimal cardiovascular health rather than "biologically implausible surrogates of race and sex." 33 Despite a breadth of evidence spanning the relationship of racial disparities with adverse cardiovascular outcomes, relatively fewer studies have exclusively evaluated the role of SES on cardiovascular outcomes following STEMI. 11, 13, 14 Using administrative data from Canada, Alter et al demonstrated that a progressive improvement in the SES, measured using neighborhood median income level, predicted a greater use of coronary angiography, shorter waiting times for heart catheterization, and lower short-term mortality following acute MI.
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These findings from this seminal study published 15 years ago are likely not easily extrapolated to the current US population, where there may be greater disparities in the distribution and the utilization of healthcare resources along with a greater degree of economic segregation as compared to Canada. 12, 15 Furthermore, these studies belong to an era when primary PCI was not the mainstay of treatment of STEMI and the emphasis on door-to-balloon time optimization was just beginning.
Over the last decade, we have made remarkable progress in the delivery of optimal reperfusion for patients with STEMI. There is ample evidence to demonstrate a major reduction in door-to-needle times and door-to-balloon times over the past few years. 34, 35 However, the time between the symptom onset and the first medical contact among STEMI patients has hardly changed. 34, 36 This delay could be expected to result in adverse outcomes in our patients. We believe that socioeconomic parameters have a small impact on the door-to-balloon times after a patient presents to a healthcare facility. However, a greater degree of impact of SES probably occurs on the duration between symptom onset and first medical contact. Several socioeconomic and sociocultural factors including education, access to healthcare resources, income, and awareness might play important roles in determining the overall total ischemic time following STEMI, thereby directly impacting the outcome. The impact of surrounding environment becomes highly significant in this context. Further, one could argue that the impact of environment, substituted by an aggregate zip code income, might provide a greater degree of insight into society-health dynamics and interactions than individual household income. In addition to detailed perspective on relationship of SES with adverse outcomes after STEMI, our study also provides some additional data that might form the basis of future studies. We observed a significant interaction of gender with outcome across the various socioeconomic strata. This is in keeping with earlier findings from multiple studies. 37, 38 Whether these gender-based outcome differences reflect true biological differences or are more indicative of differing socioeconomic profiles that render female gender a surrogate for poor outcome is a matter of speculation at this time. Similarly, elderly patients with STEMI have been traditionally believed to possess a guarded prognosis due to multiple comorbidities, more delay in seeking care, atypical presentations, and a higher degree of hemodynamic compromise compared to younger patients. We observed that the SES mortality association was stronger for the younger population than the elderly. This is in conjunction with earlier findings where the association between SES and cardiovascular mortality appeared to be less marked among older patients. 26, 39 Although the mechanisms underlying these associations are not completely clear, potential hypotheses include improved coping skills among elderly, perhaps attributable to having lived longer under adverse socioeconomic circumstances along with an increased access to healthcare resources due to public insurance programs available to older individuals.
Limitations
Our study has a few limitations. First, NIS is an administrative database, which may be subject to errors in coding of diseases or procedures. However, in administrative databases, the diagnosis of acute MI using ICD-9 CM coding has been demonstrated to possess a specificity of 99.5%, sensitivity of 72.4%, negative predictive value of 96.1%, and a positive predictive value of 95.9%. 40 Second, this is a retrospective observational study, which may be subject to traditional biases of observational studies such as selection bias. However, these limitations might be partially compensated for, due to a large size of NIS database and a uniform representation of all regions of the United States. Third, the definition of timely reperfusion included all patients who underwent reperfusion on "day 0" of admission to the hospital, due to lack of availability of hourly data. This definition might lend itself to slight overinclusion of patients who may not have undergone timely reperfusion by strict STEMI standards. A further limitation might result from the fact that we utilized median household income of the entire zip code to "impute" the SES of each patient. The capability of an individual measure like the median household income of the residential zip code, rather than a composite measure, to directly relate to the SES of each patient may be somewhat limited. However, the inaccuracy resulting from the misclassification of personal SES based on SES of the surrounding neighborhood (so called "ecologic fallacy") may be completely offset by the lack of occurrence of an "individualistic fallacy," whereby there is an incorrect assumption that the health of an individual subject is not affected by the neighborhood that they reside in. 11 In addition, in-hospital mortality may be affected by numerous variables including availability of PCI facilities with relevant expertise, provider volume, hospital infrastructure, and surgical back-up, which are not always available consistently in the NIS database.
Conclusions
There was a higher incidence of in-hospital death among patients residing in low SES zip codes, as compared to those who live in high SES zip codes. Besides this, there was a reduced prevalence of timely reperfusion among patients from low SES zip codes. The use of mechanical circulatory support devices was paradoxically lower among those who belonged to the low SES zip codes as compared to the higher SES zip codes, despite a higher mortality in the low SES quartiles. Furthermore, the absolute as well as adjusted cost of hospitalization was significantly higher for those who belonged to a high SES zip code as compared to those who belonged to low SES zip code. These data suggest that there are widespread differences in timely access and provision of optimal STEMI care based on socioeconomic differences, which may be responsible for adverse health outcomes in those that reside in low SES areas.
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